he PROSTALAC functional spacer is made of antibiotic-loaded acrylic cement but has a small metal-on-polythene articular surface. We have used it as an interim spacer in two-stage exchange arthroplasty for infected total knee replacement. PROSTALAC allows continuous rehabilitation between stages as it maintains good alignment and stability of the knee and a reasonable range of movement. It also helps to maintain the soft-tissue planes, which facilitates the second-stage procedure.
Despite excellent long-term results after total knee replacement (TKR), [1] [2] [3] and rigorous antibiotic prophylaxis, between 1.0% and 2.0% of TKRs are complicated by infection [4] [5] [6] [7] with associated morbidity and increased cost. [8] [9] [10] There are a number of options for the treatment of an infected arthroplasty. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Re-implantation of a new prosthesis after removal of the infected implant and thorough debridement, if technically feasible, is the most acceptable. While there have been some reports of successful immediate re-implantation, 18 ,25-27 the best results were obtained when this was delayed by at least six weeks (twostage exchange) with rates of control of infection over 90%. 10, 15, 16, 18, [27] [28] [29] The major disadvantage in two-stage exchange arthroplasty is that the interval between stages is often associated with impaired mobility, limited stability, and pain. Reimplantation is often difficult because of arthrofibrosis. In about 20% of patients a less than optimal result was directly or indirectly attributable to the delay between the two stages. 17, 30, 31 Several techniques have been described to help to preserve the length of the limb and to minimise soft-tissue contractures. These include the use of nonarticulating antibiotic-loaded cement spacers between stages. 15, 18, 19, 21, 32 In addition to their ability to elute high levels of antibiotics, these spacers, in contrast to antibioticloaded cement beads, decrease the scarring within the joint and facilitate re-implantation. The operation, however, is still difficult and scarring is substantial, particularly in the lateral and medial gutters, and posteriorly. These spacer blocks are often unstable and may cause bone erosion. 33 To refine further the role of spacers between stages, we introduced the concept of articulated spacers in the late 1980s with the prosthesis of antibiotic-loaded acrylic cement (PROSTALAC), initially developed for the hip, 34, 35 and subsequently for the knee. 36 We have assessed the effect of the PROSTALAC knee spacer on the function of the knee between stages and after re-implantation, and on the eradication of infection.
Patients and Methods
The PROSTALAC knee prosthesis has femoral (Figs 1a and 1b) and tibial ( Fig. 1c) components which are made primarily of antibiotic-loaded Palacos bone cement (Smith and Nephew Richards, Memphis, Tennessee), with a small metal-on-polyethylene articular surface. Various sizes and thicknesses are available. Using a series of moulds each prosthesis is made in the operating theatre before insertion. This system was first used in 1987, and has evolved from a handmade facsimile of a knee prosthesis to the sophisticated posterior-stabilised design which is currently in use. After removal of the infected prosthesis and thorough debridement of all infected and necrotic tissue, the femur and tibia were prepared in a manner similar to that for revision of TKR without removing excessive amounts of bone. Trial implants were inserted using standard instruments for revision. Deficiencies of distal femoral bone were augmented by increasing the thickness of the PROSTA-LAC femoral component. Moulds which produce three different distal thicknesses were available for each size of PROSTALAC to allow accurate placement of the joint line. Posterior and isolated medial or lateral distal deficiencies were made-up with bone cement when the implant was inserted. On the tibial side, any deficiencies were also augmented with bone cement. Each tibial size allowed a thickness of implant from 12 to 34 mm. Once the cement had cured, the implants were removed from the moulds, and cemented to the host bone, at a late stage of polymerisation if necessary, to allow fixation without undue interdigitation of the cement into bone. In cases in which the bone stock was good, simple press-fit fixation sufficed. The patella was not resurfaced. The patient was then treated at home and given a six-week course of intravenous antibiotics. Four weeks later, an aspiration biopsy was taken to confirm the eradication of infection. After a further two weeks, the second-stage re-implantation was carried out with antibiotic-loaded cement.
Between 1 April 1987 and 31 March 1996, 59 patients with infected knee arthroplasty were admitted to hospital. Of these, 45 were fully reviewed and included in this series. Of the 14 patients excluded from the study (Table I), 11 were treated by means other than two-stage exchange arthroplasty using the PROSTALAC system since they were deemed not to be suitable for such treatment. One other patient was too ill for a second-stage procedure. Two patients died and had no evidence of recurrent infection at the time of death. No patient was lost to follow-up. A patient who died 20 months after operation and was still infected was included. There were 26 women and 19 men with a mean follow-up of 48 months (20 to 112). Their mean age was 69 years (26 to 83). The reason for primary replacement was osteoarthritis in 33, rheumatoid arthritis in six, osteonecrosis in one, post-traumatic arthritis in three, haemophilic arthropathy in one, and neuropathic arthro- The current PROSTALAC system consists of a femoral component (a and b) and a tibial component (c) which articulate in a posterior stabilised fashion to form a facsimile of a knee replacement. Although most of this implant is made of antibiotic-loaded bone cement, the articular surface is a low-friction articulation of stainless-steel on ultrahigh-molecular-weight polyethylene. On the femoral side, a cross-bar connects to two halves of the articular surface, and acts as the cam mechanism in the posterior stabilised design. On the tibial side, there is a spine made of antibiotic-loaded cement. This articulates with the cam as in any other posterior-stabilised design.
pathy in one. A total of 20 patients had an infected primary TKR, 16 had an infected first revision, eight an infected second or third revision, and one a failed two-stage exchange. Drainage or debridement had been undertaken elsewhere in 26 and 16 had discharging sinuses. The infecting organisms were identified in 40 cases and are shown in Table II . Despite clinically obvious infection five patients had negative cultures. All patients had a two-stage exchange arthroplasty using the PROSTALAC system. Earlier versions were used in 22 patients with either a handmade facsimile of a knee replacement, a cement-on-cement moulded prosthesis or a non-posterior stabilised low-friction moulded prosthesis; 23 received the current version of the PROSTALAC. The mean interval between stages for the entire cohort was 15.5 weeks (3.6 to 96.7). The antibiotics used in the cement depended on the sensitivity profile of the infecting organism. In 37 patients, a combination of tobramycin (1.2 to 3.6 g) and vancomycin (0.5 to 1.5 g) was used, in one tobramycin alone, and in four vancomycin was used alone. A combination of tobramycin, vancomycin and penicillin G was used in one patient and tobramycin and penicillin G in two. All patients received parenteral antibiotic therapy between stages. At the second stage, all procedures were carried out using antibiotic-loaded cement with 1.2 g of tobramycin per package. A condylar-type revision implant was used in all patients with the exception of two, in whom a rotating hinge implant was required. (Table III) . Three presented with infections caused by a different organism. One was treated by above-knee amputation and two with suppressive antibiotics. One died from unrelated causes at 20 months. Initially we did not measure serial ESR and levels of C-reactive protein, although these are now routine. Any patient who had a suboptimal result was investigated by aspiration to exclude infection. The overall control of infection was 91%. Relief of pain. The main advantage of this approach, compared with a standard excision arthroplasty was the relief of pain observed between stages. In the early cases, particularly in those in which a low friction-bearing surface was not used, there was mild to moderate residual pain in five of ten knees, associated with a grating sensation and crepitus on knee movement. Only one of the patients who received a modified implant complained of persistent pain in relation to severe ectopic ossification in the anteromedial soft tissues. Functional outcome. Function was assessed by extensor lag, flexion deformity, range of flexion and the Hospital for Special Surgery (HSS) knee score (Table IV) . The HSS knee score was used as an indicator of the change between stages as well as between the initial presentation and final reconstruction. The mean HSS knee score was 42.4 on presentation; it improved to a mean of 55.9 after the first stage and to a mean of 71.4 at final review. These improvements were significant (Student t-test, p < 0.0005). One of the aims of this method of treatment of infection was to maintain mobility between stages, thus simplifying the revision procedure. The range of movement seen in the interval period confirmed this. The small residual extensor lag at final review supports the efficacy of the PROSTA-LAC in allowing early rehabilitation. Complications. As complications were more often seen with the earlier designs, we divided our cohort into two groups (Table V) generations of the PROSTALAC and group II included those managed with the current low-friction posterior-stabilised design. A substantial number of complications were related to the extensor mechanism. Three group-I patients continued to have problems with patellar instability after the second stage. In group II, two had patellar dislocations between stages which were corrected at the second stage. Rupture of the patellar tendon occurred in one patient in each group with a poor outcome. Marked patellofemoral pain was seen in two patients in group II in whom there was no evidence of recurrent infection.
Results

Control of infection.
Because of the minimal constraint in the PROSTALAC components in group I, three patients had posterior dislocation of the tibia, requiring closed reduction and immobilisation in a cast. This was seen in only one patient in group II, after rupture of the patellar tendon. In addition to anteroposterior and patellofemoral instability, collateral ligament instability was seen between stages in four patients in group I, and in one in group II. They required bracing between stages. Instability after the second stage was seen in one patient in group I and none in group II. The instability was asymptomatic since the patient had a neuropathic arthropathy.
Severe breakdown of the wound between stages requiring a medial gastrocnemius flap, occurred in one patient in group II. She ultimately needed a free transfer of latissimus dorsi. After the soft tissues healed, she had a re-implantation two years after the first stage. At final review, there was no evidence of ongoing infection, but she was not satisfied with the function of her knee. Her HSS knee score was 34, with a final range of flexion from 0° to 20°. She might have been better served by an arthrodesis.
Discussion
The best results of treatment of an infected TKR have been reported by Windsor et al 37 in which no spacer was used between stages. There was recurrence of the original infection in one of 38 knees (2.6%) and a new infection in another three of 38 knees (7.9%). These are similar to our figures of 2.2% (1 of 45) and 6.7% (3 of 45), respectively. Although PROSTALAC components include small amounts of polyethylene and metal, they do not seem to compromise the rate of control of infection since our results were similar to the best previously reported. There is no evidence to suggest that the use of antibiotic-loaded cement spacers between stages enhances the rate of eradication of infection, but this technique has been widely adopted, primarily to maintain a joint space and to improve the ease of re-implantation. Several other articulated spacers have been described [38] [39] [40] [41] since the first description of PROSTA-LAC. 36 The advantages include continued mobility, ease of rehabilitation and ease of re-implantation. Our results showed clearly the improved function between stages and we believe that a mobile knee allows easier second-stage operation and facilitates rehabilitation. A higher dose of antibiotic can be added to the bone cement in a spacer than in a one-stage exchange or a definitive re-implantation, in which the dose must be limited because of the risk of weakening the cement. 42, 43 However, the prosthesis used as a spacer is expensive and is discarded after six weeks. Most of the complications in this series were related to the extensor mechanism. A thin patella which is difficult to resurface has an increased risk of subluxation. This, fortunately, was rarely symptomatic in low-demand patients. In those who are more active severe pain may persist and a patellectomy may become necessary. Rupture of the patellar tendon is a devastating complication. The preoperative range of movement in our patients (Table IV) confirmed that infected knee replacements were 'stiff' putting great strain on the insertion of the patellar tendon unless the latter was protected. An extensile exposure is required for safe surgery.
In a comparison of the cost of treatment of 20 consecutive infected TKRs with 30 primary TKRs and 30 aseptic revision knee arthroplasties during the same period it was found that surgical treatment of an infected total knee prosthesis was twice as expensive as that of an aseptic revision and three to four times that of a primary TKR. 44 Much of that cost was due to the expense of prolonged hospitalisation. Any method of treatment which allows earlier discharge from hospital is desirable and should have economic advantages. Although we did not have a control group for comparison, our impression was that the PROS-TALAC functional spacer allowed earlier mobilisation free from pain and should therefore lead to a shorter stay in hospital. The savings in terms of the latter greatly outweigh the increased cost of the PROSTALAC components.
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